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£ ^ ^ MTCMQS 7] - £ ol^^V 3-2-3-, n>^Ei sfl^l^ 

Efl^i^-i- ^ *IH*H S3 3 3M3# *r41*H 2fl^l*> 

JL #*)*Hr MTCMOS ««■ $1^1, <^5LJ=a1 v}^] Hfl^l 3^2} og^^V 

^^^}7fl °>lr^ il^JLS.*) , ^fj2.J=41>M <^J± EES. s]5L2] # 

£ 4€- MTCMOS 7l#^r 3^1 71^2] 

2} so]j 3U=«" ^ 7 >^^ 2-^1^ J2.JEL3 #^r% °fl #3 s - 

MTCM0S °l-g-*V 5)3^^ low-Vt A >-§-^ 

^ high-Vt B^l^l- A>-g-^V f^2] a^f- ^S.ofl til^fl 

£ 3 
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^ 2.^.^1 a-] t^jojEi iL^o] MTCMOS 3 3. {MTCMOS FLIP-FLOP 

CIRCUIT CAPABLE OF RETAINING DATA IN SLEEP MODE} 

51 l€r MTCMOS 7l#^- ol-g-^H fe^S^ ^^1" M-^oflfe ^2fl^ S]S£ 

£. 2^ ^ 5UE^H HH^-l ^ 5£tt #2fl^l MTCMOS 5)5.* M" 

£ 3£- ^ 5J=°IM z\)o]t\% *r SUr £ ^3 H^H^ 4^ MTCMOS 

S. 5tt £ 351 s\S.d])x\ 7Hr3*l (virtual ground, VGND)(^iAl ^^l(GND) ^> 

51 6^r ^ 5UE.olH <^y. ^^S-H. -^-Efl7}- JsL^SlH 

# 44^^ 51 3^) ^oj^^olcf. 

<51^ ^A^-^-oll rfl^ -^JrSl -M^> 
310 : *r^1 Efl*l-Sf 312 : Hfl*l y))o]^ 

314 : efl^l s]S 320 : ^l^f 

322 : ^3HJ± 2fl^| TllojH 324 : #eH-*i *fl*l S\3- 
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330 : ^ S.H *H33. 340 : HH^l ^ $3- 

350 : w^Jf 

<is> £ MTCMOS 71 ^-i: <>l-g-tr %SL3., ^} ^ S£l 

Ai 5.^3. #^S.H o]^ Aj-Efll- iL^% ^ aI^ MTCMOS 7l#-g- 

<14> MTCM0S(Multi -Threshold Complementary Metal Oxide Semiconductor) 7l^£r £ H 
5_X\s) u>SJ. Qo], ^^(JEfe ^l^)^ fe^5)S.(10) a>°H Vth(threshold 
voltage, ^£ MOSCMetal Oxide Semiconductor) H$*1^(MP1 s 

MND* ^^^l- 0 ^, S.H(active mode; power on)°fl A i^ M0S 

B€*1^H(MP1 MN1)» -gr ^ ^^(S&fe Vth7 r ^ ^ 

e|3|S(10Hl ^-g-^-^-S.^ fe^S)^ ^^^£1- ^Al^lJl, #t] H.^(sleep mode; 
power down modeWI*1S=- M0S H«^# 9.* fc3 33.41 3*1*1 
o}-)-g. * r #^j-o.3.^ feBl£|3.£| nr>g^-^-( leakage current, sub-threshold current )# 
#c]^ 7l#ol4. MTCMOS 7l#^r, ^El w S.= 4| 5£fe Al^rq- ^^2.^1 5*^r 

X\#o] 1^1 ?J ^cfl7l7l-g- LSI (Large Scale Integration) ^ ^1^^^ cfl 
pflo. o.^cf. ZL^q-, MTCMOS 7)^ 43 AH. A], ^ #^2.^oflA-l fet^SS] Hfl^l 

(latch) 4 
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o] 4444 £^4fe ^44 5d&4. MTCMOS 71^-8: 4-g-lL> 4^.44 * 

^ 5LS.4 4444 £43^ *M4" 44 7>4 4^4 ^I£4&4. £2^t 

4, 1997-d Satoshi Shigematsu4 IEEE JOURNAL of SOLID STATE CIRCUIT Vol.32, NO. 641 
^£4 43-44. £ 24 H44 D ^ s15Ltt 444 iL^43-(data 

keeper)(230)l- ^444 £U 5LE.4I4 444 jiM 3.(230)41 444# & 
47} 44* EES $€4^ 444 1^43(230)4 444* 4^4 44^ 

(210)4 #44* 44^(220)4 4W°-34 #^(0UT)^ 43 44» * 

444 34- £ 2^ 4344 ^443 Jf-*(210, 220)£r 43.7)1 44 44 

low-Vth) H44^4« A\^5L, 444 Sl^43(230)^ *Mi3*» #44 4*11 
high-Vth) J=€4^4t" 4-§-W. SEfc. 444 *-€:43(230)fe ^£.El4451 ^4 
-§- 40) sj-HS. 4^ *1^#4- 344 ^44. 

^4, s 2^1 5=4€ 44 f^44 D ^ 4344^, 444* a. 

$44 444 444 ^215.(230)1- ^7>4*-3 #<g*H4= ^4°1 SU, ^^2- 

el44 oflBjti EEs 44:4 oi^ #^4Ji4 4444 4-:^43 4444 

4 = (read)/44H(write) ^4^ 4444 4*fl 444 4445l(Bl, BIB, B2, 

B2B)# a>^o> svjl, 41- t-1144 -fM 444J:M: 4444 4t!r 44431- 43 
-£4 #44 ^ 4*i(top level)44 44-£4 514. 

[^4 4^4 4-ir 4 #4 441 
5 > ^6)1 4^- MTCMOS 4-g-tt 43fe 4^4 44 ^ ^-44^ 

4^44 4*n 4^4 434 4^4 431 ^7}^o.s.4 #H S-H. 444 
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544. 



<i7> £ jz-aj^ ^ S.El<HH EES. ^USE. 0 1€ ^ 

^ MTCMOS 7l#^ ol-g-^V *H^*Kr 

<is> £ ^ofl 42 MTCMOS #3H«- efl^* 

^j! ufljjL se^^i^o) ^c^^H tj]o)B]Sr 2fl^l^31 #^*Hr MTCMOS €^ 

0.5LM), ^^S.H.oflAi <5flB)ti ££3. SUM" ^3-3 

<19> a. ^ofl rtj-s MTCMQS f^tf ii\s_^ 7\^*}SH- 3*1 A >°H ^ 2- 

c Al o]i^ ^ s.£. ^^Als^l ^1*11 ^ 3^- 2.E.AH)ir ^7} ^ 3.— 

<20> £ ^ofl rq-^- MTCMOS ^5-^ «M EE *H^!:M *)H*H 

1- S.^ ^4- 
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<2i> %y] dl o] e] t±s = a^sfe #7l ti}^ ££ ^H^lsl- ^41 «M 

A l Sl^W ±.£. 3vW A 1 #^^1^7]- al7> 

5]^ >1MH #7># £3r ^ 1 PMOS H^^l^, ^71 7)1 1 PMOS 

^7>4 ^-71 Efl^l SJ^^HI 

*Jj ^^AlJll- ^]*Kr 7flo]B ^7}Sq- ^"71 2fl*l <^#7H1 

$XJL #^^1^7> ^Sfl^l #7}!- £Hr ^1 2 PMOS H^M^I , ^7) A 2 

PMOS B^liE^ = 3l<£ ^7H1 2=31*1 ^71-Sf ^-71 ^ 2 PMOS B^l^S} 

Til olE t^ofl 0^5} TflolH ^7f# ^ x NM0S H^*]^, ^ ^-71 1 NM0S H 

^l^E^ ^Hl "S^S S.^l<y #7}S>}- HlTd #^ ^H^lS7> <?]7>£l^ Tfl 

olB ^7>2l- ^^Hl ^TJs} ^7>1- 2 NM0S H^^l^l- ^«ls>^ -§l 

<22> Aj- 7 1 p>^Bl efl^Jfif- high-Vt H^l^S ^5131 <#7] ^^1°1 Hfl^TT 

low-Vt B^l^S. ^5}^ ^SLS. *V4. 

<23> £ ^ofl 4^- MTCM0S #^§-f- 3^ ^14 #^J:°ll -¥-^V 

711 #7l M^Ul* -fM*>Jl ^E]W. £^AH1^ # 7 j <^ #^3l7} «V 

^7l #s)^}JlS #?l*Hr ^ S.— ^Hsl^l- ^l^Rr ^ 

<24> # 7 ] ^ 2.H *)H3^r ^^^l ^7V^- 2.^ *)H^1 

Jll- -HO^Ur 711 °1B ^7>1- *j| ! p M0S B^M^I, ^"71 *fl 1 PMOS H^l^^l 

^7H1 ±^ MaIJl-I- ^Al§}^ TflojE ^-7}^ ^ 1 IcE. 

oil =ell<y #71-1- ^1 2 PMOS ^-71 ^ l ^^.^ o^*} 
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W ^ ^*>- ^ H ^ ^ 

4 1 NMOS $ #7l 1 LSI ^ ^ ^ ^ S - 

^JJUfr ^J*Kr TflolH 3*H ^ ^ 2 M0S ~®* ] 

^^JI, ^71 A) 1 ^71 ifl* M^IM iM^lfc ^ 

<25> tf 7 l *)1 1 PMOS high -Vth H^l^^U, ^-71 4 2 PMOS 

e^ #7] 4 1 NMOS h^1±e^ #71 4 2 NMOS 3=«^fe low-Vth H«^°J 

<26> ol^V, 51*1 -§: £ 4^ MTCMOS 7lfc* ol-g-tb SU« si 

£ 3^ #3 S-S-ofl^ *M3» JL« ^ Safe # y ^ <i^HH 4# MTCMOS 

SUM" 3 3-* V+^xflfe 5^*14. iE 4^r 51 3^1 S|3.4M 0 JWl Ei«; *7\S!\ H« 

^3. M-E}^ SL^jl, £5r£3^ 7>#3*1 (virtual ground, VGND)^ 3 

*1(GND) a>oH NMOS ^Wflfc 51^14. 51 3<>flfe 7HH1*1 

(VGND)7> I^l^H &*R>, ^3fe ^^(INVSl, INV35, INV36, INV37, 
INV38)^ 51 4^1 *r*r 3*1 7}#3*|(VGHDW *U, 7HHM(VGND)4 

3*1 (GND) £ 5-11 51*13 tt>4 *M H«^7> #^o] flr*. 

<28> £ 3ofl 51*13 £ ^H<fl 4€r MTCMOS 3^fe ^ 

(CLK)^ £U SLH ^Hai^(SCB)!- ^*J*U ^ #^^1^(CK)1- iHH^lfe ^ 
3 2.2= *W*|'s(330), MM"**! ^^Ai^( D )l- ^*1*H «Jr^^l7lfe S1UWINV31), 
^« # ^Ais(CK)« ^*J*H ^>^171JL «M tfl^f #^*JJ:(CKN)» ^*l?lfe 6 J«1 
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EKINV32), *fl* mmiMCK)^ tiV^d vfl^ #^X(CKN)3 *jH*H °J*1^ (INV3D3 
^^jr*. -Al^ efl*l*U ic£.(N2)4| 4^ Hfl^l^-OlO), ^(N2)^ 41 

-A]^H ^H(N4)ofl #3*Hr #3H« ^1^(320), £U S.E. ^ 

o^Jl(SCB)3 *H*HI tH(N3)S^-Bi 3x1^ ^^^IJKFBDI- ^4l*H ^H(Nl)^ 
^cyfl #^AiJ:(FB0)l- iH^l^ ^— ^ 33.(data retention feedback 

circuit)(340), £ w^(350)t- ^wlW. 

^ S.B. ^<H^S.(330)^ £^°0-(VDDH ^ #*r^ ti d# ^ 2.H 

^H41S(SCB)» ^4l^fe ^o]B ^>1- ^ PM0S(P-type MOS) H^l^l (MP31) , 
PMOS H^^1^(MP31)^I <a^^ #^41^(CLK)1- ^ 

TflolB i^l(N5H <3*i£ S-3l°d £fc PMOS H«^(MP32), ± 

H.(N5)°fl H.eflo] sq^- #^J£(CLK)1- ^l^Hr >IHH. *H 

(GNDH ii #*r# NMOS H^1^HKMN31), ^ i^(N5H <£4£ 

#U ££L ^o]Ais:(SCB)l- ^r4l*Kr TflolH 3*1 (GNDH ^ 

i ^ NMOS H31*l^(MN32)-& lcH(N5)<M ^ #^S(CK)-» 

p>^Ei Efl*lJf(310)fe ^ ^ #^5:(CKN)^ *)H*H1 

<yw]EKlNV31)^ #3^13:1- -r^l^H ^(Nl)S. ^t^r ^ 7lHH(TG31)3- 
p>^ Efl^l 7flolH(312), ^ *r^i Efl^l 7flolB(312)Sl #^4lSl- ^}*H fifl*l*r 
jl ^H(N2)j£. #3*Rr *r^i sfl^l 33.(314)1- 
l> P}iEi 2fl*l 21^(314)^ i^EL(Nl)^ 4l^« ^41 *H ti=(N2H #3*r 

^ ^EKINV33), i^=(N2)3 41^1- ^4l*H iM^lfe °1^(INV34), ^ ^ # 
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^ lcS.(Nl)3. ^^HRr 7flolH(TG32)l- ^wl*V4. 
<32> ^eflojtL 2fl^l^-(320)^ ^ #^S(CK)Sf ^ #§^Jl(CKN)^ alH*Hl 

lcJ=(N2)S] AlJil- 2n2.(N3)S ^SHr ^ 7fl°lH(TG33)3. 

ti efl^l 7flol^(322), £ sfl^l 7flolH(322)^ #^4l3ll- ^1*H 2fl*l*>^ 

i.^(N4)S. #3*Hr sfl*l ^3.(324)1- ^1 

<33> ^eflolti 2fl*l 5)5.(324)^ 2t=(N3)fi1 ^llt i^L(N4H #3 

^ o]tHEi(INV35) ( t=(N4)^ ^^l^r °J»WINV36), ^ ^ 

#^S(CK)2f vfl^- #^jr(CKN)i>l ^H^H ^l^El(INV36)^ ^ 

*H t=(N3)3. ^*Kr ^ ?1HB(TG34)« ^a]^. 
<34> tiHEi 3i] H.^ S|5.(340)Tr #fi *lH4lS(SCB)» <r^l*H 

7]^ oitHEKlNV39), ^^(VDDH ii ^1^^(INV39)^ #^^1^7> 

o]7>s)^ Tflol^ ^Vl- ^ PM0S H€*1^(MP33), PM0S H€*1^(MP33)^ S31<?1 

tIMB iiJ=(NlH <£4£M 5a^. #^^1JKFB0)7> H31<?1 

» £xt PMOS H^1^(MP34), PM0S B3N^(MP34)^ - e fl^ 
PMOS B€*1^(MP34)3 TflolH £ir NMOS H$ 

xl^BUMN33), ^ NMOS H€^1^(MN33)S1 -31^ ^ ^ 

^ H.H. ^^^1J1(SCB)7} °l7}£|^r TflolH ^*1(GNDH <S4£ ^ £fe 

NMOS H^^1^(MN34)1- t^ISM-. 
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<35> ti^^f (350)^ *lw13(INV37), ^ ^»1bKINV38)1- ^I^jI, #3Hj± sfl^Jf 
(3 20)o] tf^^H 3^ #?^Jl(Q, QN)1- 'MAmtK 

<36> £ 3<^1 M^H^ #^#^5} f^£7f 7^>S)fe ?A^r *&*)f>}7) ^ 

^^6\] aTfl ^ ^J^^Il-dNVSl, INV35, INV36, INV37, INV38) 

4 ^ 7llolH(TG33)^ low-Vth B^l^S. ^^-$4. 

<37> £ 6^: ^ S-H-^H 6flE)W. , ^ ^7} S-^^JL 

M-B|-Lfl^ 32] ^olnj^ol^. 

<38> ol^V, ^ 3 ^ s. 6-§: ^5&*H £ ^ MTCMOS °l-§-tb 

(SC)^r *H(high) ^Bflolul, #3 #^ 2.H ^H^(SCB)^ S-f(low) 
£. 5°fl 5^1€ HM^3(NM0S)7} -°r 5)^ 7>^^1(VGND)7> ^(GNDH ^ 

£]J1 low-Vt B^^l^Bil-o) O.S. ^tb^. 3.- 4°]^(S£B)7\ 3. 

-f ^-Eflols.^, JE 3<HH PM0S H€*1^(MP31)7> ^^(turn-on)£l 31 NM0S 
(MN32)*f ^iH(turn-off) ^7} £t}. o] a^ofl^ 5. EL XlM 3 3.(330) PM0S 

H^1^(MP32)^ NM0S H^liBl (MN31)3 ^€ ^1^^^ 7l^§- *H , ^4 #3 
^ls(CLK)!- «Jr#*l^ ^ #^^1^(CK)» iHW^i 1 }. tHS, °1 a3<*H PM0S 
^El(MP33)°+ NM0S H^^liBKMN34)7> H^LH ^H^ 3*1 = ^ 33.(340)41 

^3*1 #31 tiHE-1 ^ = ^ 5^5.(340)^ 3)3.^ ^-*H1 
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<40> oKM, °1 5L 3^1 MTCMOS 71^* o]^ s^fe <£#*\9l D % 

^-S-f- ^*H, ^ #^JUCLK)^ *W*H D >^ 31*1^(310)2}- ~H 

eflo]y Hfl^l-^(320)7l- °g^^l^(D)7> sfl*!^ #^€4. 

<4 i> njolEi ^o] (transition)^ t^u|#£ £tj-. 

(CLK)7> *H, ^ 7flolH(TG31)^ ^ 7fl°lH(TG34)fe -8r 3^ 3^ ?1H 

H(TG32)^ 7flolH(TC33)^ 3<H *M3(D)*1 °>^ E i 

(310)^1 iiH(N2)^m ^S)^, #3M«- ^(320)41*1 (stated c-fl 

0]El #^^4. ^ #^^i^(clk)7> *m ^EflsL ^m, ^ 7ll 0 l^ 

(TG31)^- ^ XMH(TG34)fe SlS. $\3L ^ 7lHH(TG32)^ 7fl°lH(TG33)*r £ 
$6\ i*]*L #^A]S(CLK)7> *}o] #Efl5L *L*}7} i,^(N2)^ AlJl7> p>^B| 5fi*l^f 

(310)41 efl*l*U ^ 7flolH(TC33), *HH3(INV35). « «!»I3<INV37)* ^ 

<42> ^o], ^ 7flolH€-(TG31 g TG32)3f <?]^B^(INV33 3l INV34)-£ ^ 

(TG33)^ ^JttlEil-(INV31, INV35, INV36, INV37, ^ INV38H ^*Hf51 
41 <8$* °1 ^H^l. * lM^Mfe ^^JES] WW 

#n ^ 7floie(TG33)«q- <y«lEil-(INV31 ( INV35, INV36, INV37, ^ INV38)^r low-Vth 
B^l^S. ^M^rS34. at.V, ^ 5LE. ^H3S(330)^ ^ #^^1S(CLK)1- vfl«- 
€^^1J1(CK)S 7l^# ^ MM- 3^ ^71 ufl^-ofl 

PM0S H^*1^(MP31)*J: high-Vth T^*Ka PMOS H3M^(MP32)^ 
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NMOS H^1^(MN31)^ NMOS (MN32)^ 2-¥ low-Vth S^l^S. ^*}£ 

(SC)^ S-f(low) -SHM^, ^ ^ S.- ^H^l^(SCB)^ *H(high) tfi^ ^4-, 
2 5«^1 H€^1^(NM0S)7> 2H 7K>^*1(VGND)4 34(GND)4^ 

o^o] -io]7]3i low-Vt H«*|i3# 0 l €4. ^ £U 5L- *1H^ 

(SCB)7> *H £ 3<*H PM0S H3H^KMP31)ir 25. ^Jl NMOS H^l^ 

B)(MN32)fe * 3<H £U 2.— *W$3.(330)4] #3°J ^ #3 ^H^ls(CK)^r 4 °1 

# sqjf #sj*1;8l(clkW 4s]- ^s^M °1 2*1 pmos H^l^ 

(MP33)4 NMOS H€4^(MN34)7> £ cflo]^ iL^ 42«« 33.(340)^ 

Ai jg.^ *vcf. ^ 22 ^H^^(330)^ it^i^J ^ #^JL (CK)7> 3.^- 
o}E.sL ^ 7flolH(TC31)4 ^ 7flolH(TG34)^ 25. ^Jl ^ 71H;e(TG32)4 ^ 
7flolH(TC33)fe £ £H, 4^4 31*1 5|5.(314)fe ^ 22 ^l^H 7Mjl 
Eil- 2fl*l*}JL #3H* 2fl^ 3]S.(324)fe ^ 7flolH(TG34)7> 25. £|7l nfl-g^l Hfl*l 
^ 7 ]^g. ^ 3.3.4. oj ^#6\}*\, cflolBl 2)^^ 351(340)7} *}25L 

22(N3)^ A1J17} t-lHEi il^ 42«« S) 51(340) 4| ^*fl 22(N1)3L 42«3 

£4. 22(N1)£] ^JSLfe ^l^EKlNV33)«fl 4*fl 22(N2)3. 22(N2) 

4 AlJl^ ^ 7flolH(TG33)« f-*fl 22(N3H , 2H 3*13 22(N3) 

o] ^ S^l^H iL<£€4. 2)3.(340)^ 71^8: 

*}2JL, 22 4iEl 2fl^l 3)3.(314)3 <y3#7-}(2.2(Nl)H*13 cIM^ 

&4 #3H« sfl^l 213.(324)3 <y§m7}(22(N3)H^3 zl]o}t\ &°] ^<H?± 
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hi=(Nl)4M ^(conflict W *r SHr*H, 

cflolBl J£€^ 3*1 s.^ Si 5.(340)5] ^-f- 7j-^(driving strength)* ^1^(310)2] 
9jw]B|(INV34)2] T^g- #;E( dr i v ing strength)J±4 HTfl -g?fl*H *H*1 ^ 

(324)^1 S3^^Kii=(N3))^ cflolE-171- S)J=«J) #?^J:(FB0)2] ?H ^ 

*1 S) 5(314)2] ^#7r(^S-(Nl)HH<5] ^"(override) ^ ^H^- *r 

£4. cfl^lBl J±$ ^2=1*1 s]5(340H Si\n efl^l 315(314)2] •a^^KJnS. 

(Nl)HH^ HH32] ^4 ^eflo]ti. sfl^l £|3.(324)3 «a^^>(icH(N3))2] ^0]^ & 
o] 3qe.nl) #^^1^(FB0)« ^-«a*>7fl (equal ize^JE-fe °HKr H.£>H ^ 

E]a. EES ^ nfl, #£flsq- p^e] sfl ^1 (314)^ HHE]2] #Bflofl n]-e}- # 

^§f.o] ^^AlJl(Q)o] ^-Bfl 7 > H-— ^^2] ^Bfl<4 A] 3. 41- ^ Sl7l 

<« #<H, #3H« sfl^l 5lS.(324)2| ^^^7>(^(N3))7> #Efl2] $}o}k]^ 7} 
*1JL 5£ul 2]«- #^A1X(CLK)^ 5.4" tf^Mal €^#1-21 <^ *M3(D)fc 5^9j 
BfloflAi ^ J2.H<>11 1:^7>^ % + , Efl^l 5)5(314)2] <g ^ t^KlcJE. (N1)H ^ 2] 

dH^2i ^-Bflsq- ^3Hi± sfl^i 315(324)2] <g^#*KicJ=(N3)HH<s] 

^2711 €4. °1 ^ .SLEIGH ^^15. 2-2E.5 W>i| Al^ofl sqjf #^a1Jl 

(CLK)7> *H ^4 215(314)2] ^^^7K^E.(N1))^^2] ^]o]e]2] 

^e||oi s o. ^eflolti Efl^l S)5(324H 3^:3 <H ^2-JE. *)#2] *H 

4> ^ ^v^oflA^ ^ JE.JE..5. *l$M. ^ J2.JE. ^IH^1^(SC)2> tiV^i S-= *i| 

o)AlJl(SCB)^ ^7l5)<H Sfl^l 2)5(314)2] ^^(^(Nl))^*^ cflo]E]o] 

^-Bfl^ #3HJ± efl^l 515(324)2] <g^#7K^(N3)HH2] ^M^t} 
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£3 5LH<Hfc PMOS B^1^(MP31)7> <L* ^S. *^^(OK)7> 
^ ^(unknown state)-! ^ * °^ ^ s 

31*. ^ 7flolH(TC34)7> SjHS *-(N4)^ ol*WlNV36)^ tf*N 

4* wfla safe €■ tf* 6 " MTCM0S 71 o1 ** 

A. 

S. 3$ *|S4H. <8« ^ AH ^ (off-stated 

MP31, MP34, MN33, TG31, TG34^ INV32, INV39^1 NM0S H4*li3*°U. INV35^ 
INV36^ PMOS NM0S ^ tf*N ^ — 

€4. =1^, *} 2-" high-Vt ^SlHS. ^Mi^BHr 

low-vth H^l^a ^ ^ ^ ti1 * d — 

Dfl o. ^ €tK W , ^ 5LJ=4Hfe Bfl*l^W ^ 3*1* 

4] cg^o! ^ 7 l ES £ 3 51 5)5. ^ low-Vth B^l^N o]*V if^fRr 

<47> £ 3 ^ ^1S7> SJ=4H £HS "fl , ^ ^ S.S. ^ 
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^ s.b. *6\aa.m* «d*d *u *H^(scbhi m 

51(330)^ *WI ^ ^ ^ 3^(340)^ 

4^1 Efl^l 33(314)3 <S3^K^H(N1))<W S-^S. *d 

«7l 3^ ^4. ^ SLHS *W ^ €^-J^(CLK)7> *V 

ol nflfe n>>:Bl m iM^H fl« HM37> M**(Q. QN)^i #3 

S| 51, 3* M4A(CLK)7> iflfe *MH(TG3D* *MS(TG34) 

fe * 3* ^ 7flolH( TC 32)^ *d^ *MS(TG33)fe AH ^« EES *3 

« ufl^ ^o^CD)^ tf*|7> ^E(N3)*H ««3 #3 S.= 4|^ ^(N3)^ 

tf*7> i^H« efl*l 33.(324)41 efl*lsU ^ 33(350)* ^ #3 «I<WQ. «0 
3*1 #^€4. ol^ €■ ^ MTCM0S 7l# ^ o1 ** ^ 

5"=4M J2.-3 ^ f^W ^^ 0l ^W^* 

<49> £ 6^ EM^te H 341 51*1 € £ MTCM0S 7l« 

337> ^ *d€€ H, ^ 2-- *j*d3 #3 

S. 1* D « SUM- 2 341 5=*1* «>* ^ £ <KH D 

4 333 ***** *U til51*V a 14H 2 ^ 

£ ^cq D $ *3** 33^r 7^3 low-Vth H^l^nj-o. A> ^V D % *U* 
* ^1 **NrHfc ^ 5 % ¥**d^r 3= 67 £3 IS 

$Z4. iE*L £ D 4 *^S* 33fe MTCM0S 7l#^ a>^}71 xtfl^-ofl 7m *l 

high-Vth Hfl*!^^* A}-g-*> D 3 333.^51 ¥**i*7> 
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<5i> [3. 11 




«■> « "HM« «<W* 7l * 

„ **** ***** **« * **" * 

< 5 3> ^ 44 . « *H MS 7 '** ^ ^ ^ 

a ^ hs* a** 4 »i« *-» * =*■ 
I «^ 4# mcMos 7,** -i** M» ^°Mfe »°- Vth AV * 
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[$^* 1] 

p>^Ei sfl^l^ ^H*. ^1*}:ei iflJf *IM*H <33 

e-11- ^i*H efl^l^l-ji #3*Kr MTCMOS , 

61} e) a. 2.JE.3. 33.3 #§H ^^S-S-o)] ^<a^>7l #£fl» 

-R-*l*Hr 3J£ ^8 £-3. §m MTCMOS M## 3 5.. 
2] 

*H 1 %H1 #7l MTCMOS s\S-^= 

Sjol ^H] W. S.= Alofl^ ^-71 S.S. ^H^iL^H Sl^fl ^.H 3^ B€*l^l 

» ^l^Hr 3# *Kr MTCMOS 2)3. 

3] 

all 1 ^ HL^r *H 2 %H1 &<>H , #7l MTCMOS 

tii^i M eh *H<H-*l:M ;*j|<H*HI #7l sfl^l 33.21 «a3#*HH3 

tfloiEi* ^«V^ #3H?l:n. #71 sfl^l 3 3. si ^^Hl ^^Hr t)]°]&\ 3. 

^ jq^^fl 3jS» ^Wl^H ^ElU ££S 1-^1-1- SlS.^ #§H 

^^2.^1 Z\<$Z}7} ^VEfll- -fr^l^ 3-8: ^HJJ13 *}*r MTCMOS 3 
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Itt^ 4] 

*ll 3 "%H1 SH-M. #71 c-floiB] 5q = «| 

<#7] til^l 5.2= ^H^lJLl- nHl^H SM^lfe 1 ^l^Ei; 

^ 1 PMOS 2=33*1^3; 
4>7l 1 PMOS HW^sl H^l^l t^H ^}^- ^"71 ^3Hl± 

# 5fe ^1 2 PMOS 

#7l ^1 2 PMOS B 31*1 =-31 #7>2j- # 7 ] ^ 2 PMOS 

E^liE^ TflolH TlHH ^1 1 NM0S 2=^*1^1; ^ 

^-71 1 NMOS 2=^*1^33 ^>ofl c E floi ^^sq- tiV^ S.E. 

4^JM ^l7>£)^ TflolB <^^^ i± ^7}!- *|| 2 NMOS 

iBlf ^«l*Hr ^ ^ MTCMOS 2)3.. 

5] 

all 1 ^ 5E^r ^1 2 %H1 Sl^^, 

^71 Hfl^l^ high-Vth H^l^Eis ^s\JL ^7} ^elHB 5fl^l-^-^ 

low-Vth B^liBjs 7-^s\t= ^ *}±r MTCMOS ^S. 
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61 

4 1 Htt *fl 2 ^1 S^i, #71 vfl^- 

«- #^AiJ:ofl -g-#*H ^-g^Rr ^-^^-S. *>fe MTCMOS ^« SIS. 
7] 

all 1 ^ £^ *fl 2 5^*1, ^71 MTCMOS $3.*=- 

^ ^ll^SlSl- ^1 *}^r 3^ ^-^^-S MTCMOS 

8] 

^ 7 ^1 5^1, ^71 2.H ^l^s]S.^ 

♦ ^ *ll l PMOS 

^71 *fl 1 PMOS J=31*1^B^ ^ ^7>^ ^ t 3 -]^t 

^Al^ TflojE t^}^ i H^l^l #7}f- £fe *fl 2 PMOS H^l^Ei; 

^•71 *fl 1 i^Elofl H.Sfl<y ^7><4 ^-71 ^ #S^Jl«- ^r^Kr TflolB 
t£t\9\ *H°11 <^^€ £t= 4 1 NM0S ^ 

^-71 1 i^E.°ll Heflol ^-71 tiV^l TlH^lsl- ^l^Kr 

7|1 o]H ^7}£f <^^^ ^41- £fe 71] 2 NMOS H^liEi* ^tilS}JI, ^-71 
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Xl 1 2nJ=<M #7] #3^3:* iHW^lfe 7 A^ ^ «>fe MTCMOS SUM 

9] 

Xl 8 %H1 5a°H, 

^-71 X| 1 PMOS high-Vth H€*1^3°l:a, tf 7 ] Xl 2 PMOS 

4 #7] XI 1 NMOS H^l^sq- ^-71 XI 2 NMOS H^iE^ low-Vth B 31*1 ^3*1 
^ s-^^-S. ^ MTCMOS SIS. 
10] 

^ 2.— XH33.; 

dlol^f tiV^^l7l^ X] 1 

xfl^- ^ XH*H ^7l xl 1 Sle^s] 

:£» *r4l*H xi l siWfe afl*l Til 

#7] vfl«. #7] tflJf XH*H Xl 2 ^ 

^r^l^H XI 3 ii£S ^sflol ti_ 5]] ^1 X1°1B; 

^>7l ^eflo] ti. Efl^ X1°1H^ #^^1511- ^4l*H 2fl^l*Val XI 4 ic^S #^*Hr 

sfl^l sis; *J 
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^7] SLS. ^H^l^ >fl^*H ^7] 4 3 ^HS^-Ei 3X)J=^ <Um±3L 

* ^A1*>J1 ^-71 afl 1 #^^1- iH^lfe C-lHEi ^ SIS. 

» ^l^Kr ^£-3. ^ MTCMOS l-^l-l- 
111 

*H 10 -SM MTCMOS sj^f- 

E]JL <2l]El ti. 2.^1^^ ^-71 2= ^cH^lS^l ^ Slfe H€*1^1 

1- £-] ^l^Hr ^-fr ^^-S. MTCMOS SIS.. 

12] 

*11 10 ^1 $a°l*1, #71 MTCMOS #^#1- SlSfe 
#7l ^elHiL sfl^l SlS^l #^^1^1- *r^*H ^*l7lJl 
#^Jl«- iHj^l^r t^s^l- c-1 ^SLS. T>}Sr MTCMOS S) 

13] 

*fl 10 £fe *fl 11 %H Sl^H, #7l t-llolE-l 2l-EL«M 3]3^r 

#7i tii^i ^ ££ ^H^lJii- ^^Itt ^ i ^ylB^; 

^^^H ^7>Sl- #7l ^1 1 91^]^ ^A}Jr 7 |. o]7}£l^ TlHH 

£*l-» ^1 i PM0S H^l^&l ; 

#7l >H1 1 PMOS H^^l^^Sl ^eflo] c^ofl ii ^-^sq. ^-^1 #3H;u 
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1- £fe *ll 2 PMOS h^I^; 

#7l 2fl 2 PMOS -efloj 33€ A 2 PMOS 

H€*1^3 TflolH 3 43 ^ ^1 1 NMOS H«^i; « 

#71 *11 1 NMOS 2=«^3 fc*HI <£4£ ^ ^ SL " 

2lH^J:7> *j7l-s)^ TflolH 34€ ^ ^ ^ 2 M0S S ^ 

^# ^«l*Kr f^o S ^ MTCMOS s]^- 

141 

^11 10 *J HL^ 4 11 ^1 5tl<H^. ^71 £U -E-— ^Hsls^ 

,^^o^ #7}^ #71 fcU s.H ^H^» 4^*Hr 

#7>» £fe ^1 i pmos n^l^l ; 

#71 ^11 1 PMOS 2=^*1^51 Hefl<*l 33€ ^ -*7l ^ #3^1 

^ # ^olH #7><4 ^ 5 £33 ^1 6 J ^ * 2 PM0S H ^ 

#71 211 5 i^l £33 #*>^ ^ ^ M^** ^#*Rr TflolH 

^>sq- <g^^ ^ ^7}!- £fe 211 1 NMOS J=*a*l^; ^ 

#71 211 5 ^Holl H 511^1 ^7>S1- #71 £21 « 5LH 2lH#x» ^4l*Hr 

Tfl olE 3*H ^2># ^ 2)1 2 NMOS B 3**1^1- ^1^>jl, #71 

211 5 tS-lH ^71 vfl^- HMWlfe 3^ *3-2JS- ^ MTCMOS #^#1- 
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15] 

41 10 £^ 41 li %H sa°H. ^71 Efl^l 4HHfe 

high-Vt H 31*1^3. ^€ 41 1 ^ 4HH°lJl -S-71 tfl-?- #^5L7> *M # 

Hfl<^ nfl £ slfe 3^ MTCM0S #fJ€f- 

16] 

41 10 ^ SL^ 41 11 %H1 &<H>M, ^71 n>iB] Hfl^l 2l3.Tr 

A] x tH o] Aljr-i. ^Ai^H ##*1?1 41 2 i^l #3*Kr 41 2 <>1 

*13; 

41 2 41Jl« ^^ItItt A 3 Sl^: ^ 

^>7l tfl-^- ^71 vfl-sf 4H*H ^71 41 3 % 

&X\$_W, ^Al*H ^7l 41 1 ii£S ^M^Kr 41 2 ^ TflolHl- ^«l*Hr ^ ^ 
7>}tt MTCM0S $3-. 
17] 

41 16 %H1 5^*1, ^-71 41 2 ^ 4HBfe 

^-71 vflJf #^^1J17> "fl ^ 3^ ^^-S. MTCM0S 

1- sis. 

18] 

41 16 %H1 5^*1 , 

#7l 41 2 ^ *}°]^ #7} 41 2 #71 41 3 ^b^tt high-Vth 3=^*1 

iBlS. ^£ s-^^-S. *}±r MTCM0S #^t--f- 3 3. 
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19] 

Xl 10 lEfe Xl 11 SX^M, ^"71 #e^m Hfl^l XHB^r 

low-Vth ^£ Xl 3 ^ TflolHolJl #7] iflJf #^^1^7]- *H ^1- 

Efl^ nfl ^ £]^r ^SLS. *}±r MTCMOS 3*3.. 

20] 

Xl 10 S^r XI 11 %H) #7] #3HH 2fl*l 

^7} x] 4 ^i=£] ai^i- ^^H^r XI 5 <y^Bl; ^ 

^•71 iflJf #5^iL3}- #7} ^ iflJj*- #^4lJL£] X1<X*H ^7l X] 5 # 

3*lJLl- *H0«H ^"71 XI 3 ^J=3. #^SKr XI 4 ^ ^l*Kr ^ ^ 

±S. MTCMOS s}3.. 

21] 

XI 20 %H1 5U<X*i, X] 4 ^ XMB^r 

^-71 iflJfL #^^1J17> *H n ^ ^ ^^SLS. ^ MTCMOS 

[^t 1 * 22] 

XI 20 D- XI 21 %H1 
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<$7] *fl 2 ^ ?IMSfe high-Vth H3M^3- tM^JI #7l Tfl 4 9±m]Q ^ 
7) *fl 5 9l»\m= low-Vth J= 31*1^)3. ^€ ^<LsL MTCMOS f-^t-f- si 
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[H. 1] 
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2] 




BIB 



TG27a 



CKB 



1TG21 



IN>- 



CK 



TG28a 



Bl 



210 



TC22 



B2B-5&-B2 
TG23 



h-230 



BIB 



TG28b TG27b 
Bl 



TG24 



220 



TG25 



B2B^-B2 
TG26 



>our 



^ 1 High-Vt 

j^, J (powered by power line) 
H 1 Low-Vt 

p>o j (powered by virtual power 1 ine) 
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[5L 3] 



310 



d> — Dj»- 



INV31 
CKN 
INV32. 



I 



312 



SCB>- 



VDD 
MP3l]h 



MP32 



!CLK^HLMN31 1H 
1 . FMN32 



I 



GND 



TG31! 



N5 



CK 



314 



N2 



INV33 
INV34 



TG32 



320 

^_ 

322 324 

1 



350 



:iN3 



TG331 



FBO 



h-330 




L.. 

N4 



INV35 
INV36 



TG34 



INV37 



INV38 



vGND r 340 



8 
< 

< 



> High-Vt 
(powered by power line) 



Low-Vt 

(powered by virtual power line) 
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[SL 4] 




PMOSOiigh Vt) 
NMOS(high Vt) 
GND 



VDD 

H[PMOS(low Vt) 
H[NMOS(low Vt) 

VGND 



[S 5] 



[S 6] 



VGND 



SC> ||NMOS(high Vt) 

GND 



D J | I IS 

clk 
sc 



Q I LJ L_® 



/ 



#U 2.— - 



"U L 



£U JE.H Unkn ° Wn SUte ^ 
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